To study secular trends in overweight and selected correlates in men and women in Göteborg, Sweden. DESIGN: Cross-sequential population-based surveys. SUBJECTS: A total of 2931 female and 2691 male subjects aged 25-64 y participated in WHO MONICA surveys (1985, 1990 and the INTERGENE study (2002). MEASUREMENTS: Body mass index (BMI), waist-to-hip ratio (WHR), prevalence of overweight (BMIZ25 kg/m 2 ), and obesity (BMIZ30 kg/m 2 ). RESULTS: Mean body weight increased by 3.3 kg for women and 5 kg for men, with a significant upward trend for BMI in men but not women over the 17-y observation period. The prevalence of overweight and obesity increased significantly in both sexes over the period. The largest increase was observed in men, and in women aged 25-34 y. In 2002, the prevalence of overweight was 38% in women and 58% in men, and the prevalence of obesity was 11% in women and 15% in men. No significant secular trends were observed for WHR, but there was an upward trend in prevalence of WHR40.85 in women. A decreased prevalence of smoking in both sexes was observed together with an increase in reported leisure time physical activity. No significant secular trends were observed in rates of self-reported diabetes, although the risk of diabetes attributable to obesity was 24%.
Introduction
Obesity is a growing problem globally, and WHO emphasizes the importance of monitoring the prevalence and secular trends for overweight and obesity. Although Sweden has had low prevalence of obesity compared to many other countries, 1 the prevalence is reported to be increasing at an alarming rate. [2] [3] [4] Overweight and obesity are associated with a range of health problems including diabetes mellitus, cardiovascular disease, gallbladder disease, certain types of cancer, and psychosocial problems. 1 Mortality 5, 6 as well as morbidity 7 increase with increasing body mass index (BMI) above a 'healthy' level of BMI. For example, the increase in the prevalence of obesity is one of the reasons for the forecasts 8 that diabetes will become an epidemic, most dramatically in newly industrialized and developing nations. 9, 10 As in the rest of the world, diabetes is increasing in Europe, 11 and this trend is predicted to continue. 9 However, Nordic studies have revealed contradictory results regarding time trends in diabetes prevalence. [12] [13] [14] [15] [16] [17] The aims of this study were to study the prevalence of overweight, obesity and diabetes mellitus from 1985 to 2002 in a 25-64-y-old Swedish population, to study secular trends in factors associated with overweight and obesity, and to estimate the proportion of diabetes that can be attributed to overweight.
Subjects and methods
This study was conducted in the city of Göteborg, which is situated on the west coast of Sweden and the second largest city of the country. The study population consists of four independent samples of 25-64-y-old men and women, randomly selected from the population census register in Göteborg. Four cohorts were sequentially recruited within the MONICA project in 1985-1986, 1990-1991 and 1994-1996 , and in the INTERGENE project [2001] [2002] .
The GOT-MONICA Project
The WHO MONICA Project (MONItoring of trends and determinants in CArdiovascular disease) compares risk factor levels as well as the incidence of coronary heart disease and stroke in 38 populations. In Göteborg, random population samples, stratified for age in the range of 25-64 y, were drawn from the population census. Pregnant women were included. The sampling is described more in detail by Wilhelmsen et al. 18 The selected men and women received information about the study, together with a postal questionnaire describing previous diseases, diseases in the family, physical activity, smoking habits, stress, chest pain, and dyspnoea. After having responded to the postal questionnaire, the subjects were invited to a clinical examination. For details, see the MONICA manual.
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The INTERGENE Programme INTERGENE is a population-based research programme assessing the INTERplay between GENEtic susceptibility, environmental factors, lifestyle, gender and psychosocial background for the risk of chronic diseases, as well as the trends in cardiovascular disease and risk factors in the Västra Götaland Region, which includes Göteborg. The study population consists of three subgroups: CHD -patients, their first-degree relatives, and randomly selected controls aged 25- The study procedure is described in detail at http:// www.sahlgrenska.gu.se/intergene/. The selected men and women received a postal questionnaire together with information about the study. The questions were similar to those used in the MONICA studies, although more detailed questions were added on nutrition. At the screening, the postal questionnaire was checked and collected from the attendees and they were given supplementary questionnaires on social situation, stress, emotional exhaustion, and air pollution to be filled after the examination. Only questions from the main questionnaire have been used in the present analysis. The examination at the screening station comprised administration of questionnaires, a simple clinical examination including blood pressure, body height and weight, waist and hip circumferences, ECG and pulse recording and the collection of venous blood samples, and measurements of biometric impedance. Lung function including measures of fraction of the exhaled nitric oxide, FENO, was performed according to previously published protocol. 20 
Anthropometry
Obesity was assessed on the basis of BMI, and fat patterning was based on waist-to-hip circumference ratio (WHR and attributable risk in exposed (AR) were estimated as percentage. The following equations were used:
where p is the proportion of cases with BMIZ30 kg/m 2 or WHR40.85/1.0.
Results Table 1 shows the number who participated by completing the questionnaire and taking part in the examination at hospital. The overall participation rates declined from 71% in 1985 to 39% in 2001. Nonparticipation was most frequent in the youngest age groups and in men. Body weight increased over time for both men and women while no significant trends were observed for height (Table 2 ). Mean body weight increased from 65.5 kg in ) and overweight (BMIZ25 kg/m 2 ) also increased during the study time ( Figure 1 , Table 3 ). The largest changes were observed in men and in women 25-34 y (Table 3) . No significant trends were observed for waist circumference (Table 2) or WHR (Figure 2 ), but there was a tendency to higher WHR in women, and there was a significantly increasing proportion of women with WHR40.85. The percentage of women with a ratio higher than 0.85 was 11.9% in 1990 and 22.6% in 2002 ( Figure 2) .
The decreasing proportion of male and female smokers might be one contributing factor to the increasing weight (Table 1) . Another potentially influencing factor is physical Trends in overweight and obesity in Sweden C Berg et al activity, although reported physical exercise increased rather than decreased, especially in women (Tables 1 and 4) . In an age-adjusted logistic regression model, obesity was negatively associated with smoking (OR 0.75, 95% CI 0.61-0.93) and physical exercise (OR 0.48, 95% CI 0.41-0.56 for increase of activity category). The increase in obesity could not, however, be fully explained by these variables as demonstrated by the fact that examination cohort also gave significant contribution (OR 1.26, 95% CI 1.16-1.38 for each period) to the model.
Given the increasing trends in obesity, one might have expected upward trends for diabetes prevalence. The data indicate a tendency towards an increase in the prevalence of self-reported diabetes in men, but the trend was not significant either for men or women over the time period 1985-2002 (Table 1 ). In contrast, obesity was associated with a four-fold increased risk of diabetes ( Table 5 ). The attributable fraction of obesity for diabetes among the obese was 74%. The population attributable risk of diabetes from obesity was 23.5% and from central obesity 24.6%. This associations were most pronounced in men but also evident in women.
Discussion
The present study demonstrates significant increases in the prevalence of overweight and obesity in the Göteborg Trends in overweight and obesity in Sweden C Berg et al population since 1985, in conformity with recent data [26] [27] [28] from other countries. The increase was more pronounced in men than women, in agreement with a recent study in an older population in Göteborg 29 and with studies based on self-reported data. 3, 30 In the present study, the prevalence of obesity increased from 7.2% in 1985 to 11.,0% at the final examination in women and from 6.4 to 14.8% in men. Thus, men increased more in weight, and have caught up with women with respect to obesity classified by BMI. On the other hand, WHR seems to have increased in women ( Figure 2 ). An increase in WHR among women has also been observed in a previous Swedish study analysing data from 1968 to 1993. 31 In the present study, there are only data from three occasions for waist and hip, but the gender gap in WHR tends to be narrowing during this period. The obesity epidemic is likely to be a result of increased energy intake and/or decreased energy expenditure, and both parts of the energy balance equation are probably involved. 1 The observation that body weight increased on average 5 kg for men and 3.3 kg for women in spite of the fact that reported physical exercise during leisure time increased markedly might be explained by more sedentary activities in the remaining hours of the day. For instance in 2002, the majority of INTERGENE subjects (70% of women and 68% of men) reported that they were usually sitting or standing at work. Lifestyles seemed to be rather sedentary at home too, especially in men; 58% of men did less than 1 h housework daily, while only 22% of the women reported the same.
Corresponding proportions reporting at least 3 h spent at the television or computer were 28% for the women and 37% for the men. Moreover, women stated that they were walking or bicycling to a greater extent than men. Thus, even if selfreported leisure time physical exercise is increasing, the overall physical activity pattern, in general, seems to be sedentary, particularly in men. The logistic model suggesting that obese individuals are less physically active than others supports the importance of exercise vis-à-vis obesity. However, the association might be a result of the fact that obese subjects are less active because of their obesity. The fact that other lifestyle factors, not measured in this study, also vary with obesity is another reason to be careful with conclusions. Increases in diabetes prevalence are generally attributed to the increasing obesity and a shift towards a sedentary lifestyle. 8 However, two Swedish studies have demonstrated stable incidence rates, but increasing prevalence. 12, 13 Thus, these results suggest that earlier detection of disease and/or longer survival are more probable explanations for the increase in prevalence than sedentary lifestyle and higher body weight. Another Swedish group found no increase in prevalence and suggested that effects of obesity on diabetes may even be attenuated by secular trends in protective factors. 15 Moreover, new hypotheses about lifestyle factors reducing risk for type 2 diabetes are currently being investigated. 32 A secondary aim of the present analysis was therefore to study whether the prevalence of diabetes has increased from 1985. In agreement with the previously mentioned Northern Sweden MONICA study, 15 the present study did not observe any significant increase in diabetes prevalence since the middle of the 1980s. Nevertheless, the relevance of promoting 'healthy weight' to prevent diabetes remains obvious from the data presented here. According to the attributable risk calculations, about one-quarter of the diabetes cases in the present population, of young and middle age women and men, could be prevented if obesity was eliminated (Table 5 ). The fact that the odds ratios for diabetes due to overweight and obesity did not change significantly when adjusting for cohort and physical activity indicate that the effect of overweight and obesity was not significantly affected by physical activity or other secular trends. Thus, the hypothesis that protective factors would have attenuated the effect of the increasing prevalence of overweight and obesity on diabetes is not supported by the present study. There are many possible explanations for the observation that diabetes prevalence did not mirror strong secular trends Trends in overweight and obesity in Sweden C Berg et al in obesity despite the strong association between obesity and diabetes. Even if prevalence of diabetes is strongly associated with higher BMI, it should be emphasised that only a minority of subjects, even in the obese (7.7%, data not shown), had known diabetes. Thus, changes in diabetes prevalence might not be detected if the change in obesity prevalence is not very pronounced. A time lag before the increase in diabetes is observed may also be expected since it has been demonstrated that a certain duration of obesity may be critical for the risk of developing diabetes. 33, 34 Finally, underestimation of true prevalence by self-reported diabetes, as well as nonattendance might be further sources of bias, which may also vary over time. European studies have demonstrated that about half of those with diabetes are undiagnosed, 15, 35, 36 but there are authors who claim that Europeans may be relatively protected against diabetes, even if this is considered speculative for the time being. 37 One strength of the present study is that it is not based on self-reported anthropometric measures, which might underestimate the true prevalence of overweight, [38] [39] [40] but on objectively assessed weight and height measurements that probably results in higher BMI than self-reported values. A weakness might be that the decline in participation was large and the response rate was particularly low in 2002 (39%), which could have biased these results. However, a recent study examining the effect on self-selection in a large Norwegian survey with low attendance rate concluded that self-selection had little impact on prevalence estimates. 41 Moreover, previous studies in Sweden 42 and other countries 17, [43] [44] [45] [46] have observed nonparticipants to have the same or higher BMI compared to participants. Thus the decline in participation rates from 1985 to 2002 is more likely to have lead to an underestimation than overestimation of the prevalence of overweight. Hence, the present observations underscore the urgency of intensifying public health actions to prevent unhealthy weight, and may even be an overly conservative estimate of the true magnitude of the problem.
In conclusion, the results indicate that the prevalence of overweight and obesity is increasing in the ages 25-64 y, and that the increase is more pronounced in men than in women. One reason for the weaker trends in women might be that they have become more physically active. At the same time, the prevalence of central obesity is increasing primarily in women, and the youngest female cohorts displayed secular increases in BMI that were as high as those seen in men. In spite of the increase in obesity and central obesity, we could not detect an increase in diabetes prevalence. However, the attributable risk calculations suggest that one out of four cases of diabetes might have been prevented if obesity was eradicated in the population, and that among the obese, three of four cases could be attributed to their obesity. Trends in overweight and obesity in Sweden C Berg et al
